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1 #RERE

1.1 SEIER

Pk B R E TR E A IR
AR 830%—35%" . 6%—7.5%"" . A
1$33%0Y, EAEH19.5 mg/kd P, tEARSEG R, L
% 2 11 R A D B TR, DA K i AT K S g (R
s DAE AR IR, RS R HEIR, 5T xS B2
FEH(CON)YF E30% M & E . 8% i -
36%FTRIAS, A & L1 40 f 7 2R K AN AR B v
MR BN T 34 m fe bk, 2 5 2
R EAL(HP) . = e B 4 (HF) s ik K Ak & W 241
(HC). 34 & Re bk gt Be 2 fapRHAC 77, & 58 sy 1
WA IR KA &9, Hoa REReo IR IR &
1%, E ARSI R 5 F1E 97 1 2R 1R
BT JERL 2B O R LR 5 3 L420.3 mm ¥4,
BB e IR AT, SR N . BRI A25% 17K
HEAT A, PR FL B4R 92 mm A48 I HL 3 s B 4%
W, BT 50CHA T, SR 5B R K E N3 mm
e A Rk R, B 20 °C UK A A H .

1.2 TLH&ES5EFERE

SCE R I H K VLK R R MRS
Y. fESRRmiEn 5, HRAERME TR, ARG
TEEM K FRIE R Gerh B 722 )8, 8 77 1 1R) LA R i
TR, DA I B S50 AR A SLEG IR B . S5
TFUA T K S206 8 11 1R 24h, e BUA R . A8
Fo WA BN (55.042.5) gt seit 13202, H
80 mg/L/K IMS-222 FR ¥ J5 FR ., F75H T~ 1644 P4
AAEIR K FRIEE P (EAE85 cm, /KIRTO0 cm, 7KAARAAK
21400 L), FHHI202, F 16 HFENL 2 44, 41
WANE S, o B AR ST AR L . AR f AR AR
Koo AR 7K S5 PR 50K I % B 1R R 5 ] i, IR
AR IR EA H BRI, & K R0 5
37%(08:30—09:00. 12:30—13: 00 17:00—17:30), #%
T 3%—5%. & HidR/KIR. HEaFair AR
TR, FRHK1/3. FRAEMA = (12—22)C,
KR (25—28)°C, Ui B E KT 5 mg/L, pH 6.8—
7.3, REREWE /N T0.05 mg/L. FitmFRE11E,
1.3 #mRE&E

R 3B G 22 VK F55 £ SR 78 3T 7K BT 3 R AR 7K
522 R0 22 VR 5 B A IR 6 A 0 1 1 B8, RS M A
MG R, AR RAERT 347 DR A 72118 37258
SEIG S5 R, Sk A IR B A 1R A B
ff FAMS-222 k5 J5 , MR BENLBRIES ., P3N
AN FEFE AR [R]— AL FR AL A SR B AR Y 3R 4T

F 1 EIERERFERDI T

Tab. 1 Composition and proximate analysis of the experimental diets

¥l Dietary (g/kg diet)

5B R 73 Ingredient CON Hp AF HC

fi% 55 A Casein 280 380 280 280

A X Gelatin 70 95 70 70

AN K Soybean oil and corn oil (1:1) 80 80 140 80
145 Dextrin 356.5 356.5 356.5 486.5

£ 4 # Cellulose 151 26 91 20

554 44 % Vitamin premix’ 10 10 10 10

547 ) Mineral premix' 50 50 50 50
S ALHEBH Choline chloride 2.5 2.5 2.5 2.5
£ritTotal 1000 1000 1000 1000

FEAE 7 )4 Proximate composition (g/kg diet)

F4))5i Dry matter 948.5 945.2 961.6 948.8
# £ F Crude protein 302.3 418.1 298.2 308.2
ol i Crude lipid 76.7 76.1 135.4 78.1
K455 Ash 48.5 50.5 48.2 49.1
K BEGross energy (kJ/g)’ 17.2 19.4 19.9 19.1

VE: L SLE YR ORI 2 R R S 2. B e P UL B R D (SDC3 11, 81 = R 3 4 BR A 7))
Note: 1. The vitamin and mineral premix followed previous study by Tian, et al®™; 2. Energy was determined by direct combustion in
an adiabatic bomb calorimeter (SDC311, Hunan Sundy Science and Technology Development Co., Ltd, Changsha, Hunan Province, China)
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F I ATLZE B LN A, KA R 1 8 R ST L 4 BRI
Jo BT UKEE R A RS BCR ML, I JCR R 2 X
MHEREARGERYUIIRE).  FIRIIFRAN, X R 4b
A A R B B IR, SRS BITE R S (1) 2h,
ShA124h = AN 8] 4% 138 SRFE J7 1 2% K 1
1R, R B B 7E4°C #5 B 5hJ5, 3000 r/min
250 15min, B EIE A7 T--80 °C kKA Hh A kar il ifi i
fetr.
1.4 MNEFGE

B — RO PR SE UM 845, 457 HK200 pL il
HET O, R E LIRS RFEFEEEENS
HT A (CHEMIX-800) 1454 J5 v b AT I 52, Bt A
70 H Sysmex A a o MLE H W ZER(TAG) « &
JH[E FE(TCHO) « =% B iR & F IH [ B (HDLC) &
B0 X FHADP-HK. COD-POD. CDH-UVEN
5E, IR 2 B i 85 1 IH [ B (LDLC) & & R &
ML, B EE(GLU) & ok F ORI Ll e, A5
HEM(AST). BN ZEBE(ALT) Bl 1 05 iR g
(ALP) 73 K F 1T A& 20 R S 2 1 % g 305 (MDH-
UV). WRIRA L FENAELDH-UV)., X
IR IR (p-NPP)YZ
15 BURZItS5S o

JIT 45 S 56 0 DA P 38 {45 HE 22 (Mean£SD,
n=8)F 7N, S 45 K HISPSS17HHAT 4i it 5 0, 18
FH — M 28 1 B 1 e AR 3 AT XU IR & 4 M, SR
Tukey’s#FAT 2 H LUACKG B0 o 0 SRAE B[] 0 (T) FAS
[ PP (D) BEAT SR 28 77 2 40 B, KLl 1 SR A B[]
AT AL (D)X i b 1 32 ZE 5 ma, DL EAT
MIAZ EAEF o [R]— &b HE 2H 76 AN [R) SRR IR T s f 22
SR FEREX, y, 273w, [A— R FEm [a] SOAS [ b 2
Y] () 22 5 B EBE<a, b, ¢, &R, P<0.05E1A NAE
1E B EVEZ R, iZ FHOriginLab 8.0 3H T4 & .

2 R

21 BEarBRSsANENERER SN
HIENASTE

W 1A, B i ASTIG M 52 B R FE I ]
SRS [ Gt 1 J2 35 52 R (P<0.05), B & AR 1EAS
HAEH . BHAASTIHMERE G20k B)E(E, HAE
2hIsf 34N 5 e 4 A ST s M 35 ont e 20 2 25 T i
(P<0.05), T {E24hi} % 52560 2H ASTVE 4 0 . 3% %2 7
(P>0.05). HCFIHFZHAST% PERE 2 J5 i [a] fE K N

B, H% J5 ShAN24he it HEF2h 2 57 i 3 (P<0.05)
HP L {E2hi H 8 K AE, ShF&AR 2 S AKA(E, 24h1k
CEIEIL G
22 BHafABASREANEMEARE AN
RIEASTW

A0 ) £ LI A TR 2 e I AR Ak a0 ] 2 B,
KA I T) s F0AS () ) k) 3 6 3 R e B £ I
ALTIEME(P<0.05), HPE XN HAFEAZ HAER . &
1 ALTI R4 J5 24hik 218 AE, HAE24h 3/
BE 4 AL T3 4 B % 18 41 1) 8 2 T %0 (P<0.05) .
CONZHALTIHMEAEADN RAE I 0] 50 B 3 2 7
(P>0.05). HCHIHFZLALTIH P KE % J i a) ZE K 1
Fhr, B 5 8hf24hE 0 fI2h 2 73 2 3% (P<0.05);
HPZH 75240t I KA, 48 At RAE B [ i 5
Z T+ F(P<0.05).
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Fig. 1 Effect of high-energy diets on postprandial AST activities
in serum of grass carp
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Fig. 2 Effect of high-energy diets on postprandial ALT activities
in serum of grass carp
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Wi 21 111 5 APV 7 (P<0.05), H. & % HAFER
HAEF . 4S50 4H 1) R f 2 J5 IILVS ALPTE R 5
24hiks BUEAE, {H #4118 T 5.3 % 5(P>0.05). 1E&
J& 8h, 3/ 1 BE 2 6t R A4 52 3 T 5 (P<0.05) .
HCHAIHPA ALPYE 1 7E 4 RAE I (8] 5 TC 23 22 57
(P>0.05), HFSCERZH7EOFI2h I TC B 35 2
(P>0.05), B J5 T 46 b F, 7E8hibf ik 24 {H, ShA
24h#F 020 i 2 TF 51 (P<0.05). CONZL0hA124h
ALPIE P H2h AN8h 2 T 1 (P<0.05) .
24 BB RSREANEMEREESE/MN
ST

AL 375 JIE A 2 2 7 % S0 4H I AR A i ] 4B
N, AN AR 2 2 B A I TCHO & =
(P<0.05), KA 8] 25005 H TG 2 3 5210 (P>0.05), {H
PR METCHO S EAFAERL HAE R o 4N Ab B
(I TCHO & 5 75 BH 2 [ WA N 1] 55, CONZHATHF IfiL
TETCHO & 248 5 R B0 AN BH ik, 4/ SRAE IS [H) 2 T0 i
F 2 5(P>0.05). HCHIHPA A4S 1k #a 34 AH [, Rt
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Fig. 3 Effect of high-energy diets on postprandial ALP activities
in serum of grass carp
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Fig. 4 Effect of high-energy diets on postprandial TCHO contents
in serum of grass carp
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HAEA . MyEHDLCH =121 5 CHOAML. CONZH
MIHFZHA fG 4 A] UGB B A2 . HCZHATHF A,
O & & i 35 w5 T HAth 3/ B[] £3(P<0.05) . 7EORHY,
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Fig. 5 Effect of high-energy diets on postprandial HDLC contents

in serum of grass carp
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Fig. 6 Effect of high-energy diets on postprandial LDLC contents
in serum of grass carp
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(P<0.05), TTHPZLJC . 3 7 7 (P>0.05) . {£24h, 41
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Fig. 7 Effect of high-energy diets on postprandial GLU contents
in serum of grass carp
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Fig. 8 Effect of high-energy diets on postprandial TAG contents
in serum of grass carp
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W E, ERMBAE R N AT A, ARBE,
B 73 MV AE AT Br 23 TR T &, T8 B AN IEE, 28
Je B B VA B AR5 RDRHAL RCAT 5%, IR IR 8
ML YFE A B RAE IS 8] A AN [R) I sh A A8 4k, HLA&
J I ) S REAE A2 BAE L, X3RS BT AR AT
B MBAEARAL I I, 75 EEORUEAS [F) AL R ZH R
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(&t B EAT AT EEE, B A AT 8 ASHIE 5T 24h S
IO . iMiE ASTAIALTIE /2 S B 3 R R
o bR ARSI 3N AL HALTIG M B %
e TR R AH, TR ASTVE PR AE 28 Ji5 24h, 44> 4k 2340 [A]
TWEZ . SNESEAR A BRI RS
HE AR (FARHIE 7 & 5:8.2%) J& , ML ASTHIALTIR
o HRAL (B RHIE I & 3. 1%) T B 22 7 i
TE TR0 9t 2 B AR AL (LR R 7 2 8.1 %) B
IS AST ALTIEPEM 535 5 T 0 HE 2 (T )
F T2 Bd.6%), B AR R R A BRI, D
AR gt EIR R BLILTE T ASTAIALT i 1% BE vt
TR ARKAGE 7K B T e i T v (PRDE e Bl ik 7K AL
BT TR TR, R R B R
B O R S S P (R 2R R S B
FEBE )18 21 th (Platichthys stellatus, Pallas 1788)IflL
xR ERE Y X PR TR [ 2 K
~F- () i 7 AR K AL S P ] e 3 o 5 B0 T e
TR R T e, O AR D BE A B AR, B4R A
TR 5 1R 7 A FRTEN B Ko

ALPTEME SHURRE T R RE A K, 2N
M — Mgl . EIEWE O, MG ALPYE ML
IS, 4 JH W 50 B R AR R AR I, I T T ALPRE VS M
Tt ALY R, 45 24h, 4 A0 HEAL [ B
e MEALPIE TR E %2 7. FFAEREA L
FRVRIE 9 5 3, vy e e ARk AN 52 00 L 375 AL PV 1, AH ey b
TR T ALPIGE" Y, 2 e Bt A eh
RIW mi AKA A KRR e B R (Carassius
auratus gibelio) Il 3¢ ALPYE 14 JC 2 2 521l 1 f &
rEEL R T B R N, 2 U Kt ALPYE PR IR
W R AR IR S R )1 g £ o
WALPIEED, X ek R0 E R, 1R SHLAN %
PERA R, T FEH LI G br it — A IR HAT LB

BB B B A ST A A TR T e SR A R U,
R BER B B S AER
SR, JE A NSRS R A 2k
IR 32 VA2, EREE G, 2 T 30 iy 1 B
MG . EARLIGH, &G 2h MR EIARIEE. &
Jri24h, 34 REZEL (0 B 25 2 T AL, T
FEWRIE S oK GE DR S B P . IE
b6z, ZEH M, MEL G0 (Erythroculter ilishae-
formis Bleeker). F§ 77 il %)t (Silurus meridionalis
Chen) 1 & J& 55 ik 6l Hephaestus fuliginosus)=5 I
WRE TR O R Rt R R A s e Y
WUl 4. (Nibea albiflora Richardson)[”]ﬁﬂ*&iﬂ%}gﬂ‘
fe o X MG S5 B B 8 2K R FE (T s T BE RN
T POEARE BT N B i 22 B BRI .

KR (B FETAG. TCHO. HDLCH
LDLC%5) /KT B2 AL 5 PR FBr AR AR R
VARG, #)32 Hh R RPN e A4 1 R s AR A
J1o FEARSE, & )524h, MIETAG. TCHOA!
HDLC# S44 ab 3 40 (8] 35 T6 8 3% % 5, AV HP A I
JELDLC & B B0 HR AL B 3 A . 3 /MR R ol
mEME R R Y S R EREMETAGAH
TCHO% & VE T 2" 0 7 % B e Mg 21 25 i 1 375
TAGHITCHORI & & B E & TKAE4H . R 7E
K& b s s s IR kG, P AR M 4 5 24h i
W TAGRITCHO % #5500t B AL 8 2 227N,
BTN IR TR s, ek 15 b sl M Tk 2 42
E AR IR P TAGRI TCHO R, e, iX kb4 B 5 A s
IAE 24N 45 RAFAE 22 57, (HTAGE |5 A SLIGTE
Shif 4 F—8. AN HIX ] g M 2R 5 17
T IR AL E  FNAR I T AT S, ) i T HE 2 [
120 B e Ry 180, TR A A e B 2
PE 2R B P HE s i ) R k24, K P R
(Salmo salar L) J5 240l i& 15 RE /D N BE Y,
%5480 A TFUA T AL 58 BRI i hy28—29n™, ix
3 — 25 U B AE BEAT £ 28 MR AE AR AR AR A T, 7
B LB K BP0 1) AR A 52 31 22 o PR 2 1) S
HAE R AR, L, T 15 5 R 4518,
— 77 TH 7 B LA 5 b ok of 50 A= Ak FE AR TS H
EpHt— D RHTIGAE, B — TN RN A A
(AR AR o

4 g

LA I3 2R A R B 5 18 SRR N 8] A ]
R S 25 R, D i DR S 06 45 R HERA 1, 75 22 4R
TEAS [F) A BEZH P SRAE IR 8] [ 254, B4 72 48 ) ] —
I T R AE, TR A 5 22 P EL A i beond I A A i A
PG A5 i — P AT IRE .

SE Mk

[11 John R P, Parkinson E A. Energy Allocation Strategy in
Young Fish: Allometry and Survival [M]. 2001,
1040—1051

[2] Lin D, Mao Y, Cai F. Nutritional lipid liver disease of
grass carp Ctenopharyngodon idullus (C. et V.) [J].
Chinese Journal of Oceanology and Limnology, 1990,
8(4): 363—373

[3] DuZ Y. Causes of fatty liver in farmed fish: a review and
new perspectives [J]. Journal of Fisheries of China, 2014,
38(9): 1628—1638 [#17% 5. F=4H M S NE i H 5K A 4
KB IKPEEAR, 2014, 38(9): 1628—1638]

[4] Watanabe T. Strategies for further development of aqua-



3 1

M A% R ER e R TRHE IS AR FE bR R Zh A2 1k

523

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

tic feeds [J]. Fisheries Science, 2002, 68(2): 242—252
Tocher D R. Metabolism and functions of lipids and fatty
acids in teleost fish [J]. Reviews in Fisheries Science,
2003, 11(2): 107—184

Chen Y J. The function of blood [J]. Journal of Yuxi Nor-
mal University, 1993, 3: 46—50 [R5 %, IR I ZhEE.
FIRITE 2B 24 4R, 1993, 3: 46—50]

Zhu X L, JiaL Z, Zhang M Y. Haematological studies on
the grass carp [ . year-round changes in nine haematolo-
gical parameters [J]. Acta Hydrobiologica Sinica, 1985,
9(3): 248—257 R0, BUNHER, ok BBE. HE A MR 1)
WEIE T LT B SR AR K AR AR,
1985, 9(3): 248—257]

Chen J, Xiong B X, Gu Q H, et al. The effect of endoge-
nous and environment factors on hematology physiologi-
cal and biochemical indices of fish [J]. Hubei Agricultu-
ral Sciences, 2011, 50(9): 1861—1865 [, ReFI =, Ji
B, S5, R 2 AR PR X S I AR B AR AL SR AR IV
soma . ALl RRE, 2011, 50(9): 1861—1865]

Wang A M, Han G M, Feng G N, et al. Effects of dietary
lipid levels on growth performance, nutrient digestibility
and blood biochemical indices of gift tilapia (Oreo-
chromis niloticus) [J]. Acta Hydrobiologica Sinica, 2011,
35(1): 80—87 [EE R, #h6H, H sk, &5 tEUENIK
X P AR RE . B IR B AL K R A
FRFRIIRZ . KA A AR, 2011, 35(1): 80—87]

Guo X Z, Liang X F, Fang L, et al. Effects of non-protein
energy sources on serum biochemical indices and histo-
logy of liver in grass carp (Ctenopharyngodon idella) [J].
Acta Hydrobiologica Sinica, 2014, 38(3): 582—587 [5
ANEE, BETETT, T, S B R R R RE R RO A I
HAEACSRAR N IEH N F . KA AR 224k, 2014,
38(3): 582—587]

Liang Y J, Sun Y S, SuJ T, et al. Effects of different lipid
levels on growth and haematological biochemistry in ju-
venile tilapia (Oreochromis niloticusxOreochromis au-
reus) [I]. Freshwater Fisheries, 2012, 42(5): 49—53 [#
T, PV, 75, S5, TED) g I 7K P R 4 81 4 £ AR
AL A A i bR B . kK, 2012, 42(5):
49—53]

Liu HY, Mao Y B, Tan B P, et al. The effects of dietary
lipid levels on growth and blood biochemical indices of
Cyprinus carpio L [J]. Journal of Fisheries of China,
2015, 39(12): 1852—1862 [XI§ikF, B X, WAL T, .
PR 7T X0 AN (7] B P 1 S A K K% A 26T M T 2 e 7 7Y
B, K= 2R, 2015, 39(12): 1852—1862]

Tian J, Wen H, Zeng L B, et al. Changes in the activities
and mRNA expression levels of lipoprotein lipase (LPL),

hormone-sensitive lipase (HSL) and fatty acid synthetase

[14]

[15]

[16]

[17]

[18]

[19]

[20]

21

[22]

(FAS) of Nile tilapia (Oreochromis niloticus) during fast-
ing and re-feeding [J]. Aquaculture, 2013, 400—401:
29—35

Xiang X, Chen J, Zhou X H, et al. Effects of five lipid
sources on growth performance and serum biochemical
indices of Schizothorax prenanti [J]. Chinese Journal of
Animal Nutrition, 2010, 22(2): 498—504 [[F] 5%, [,
b, ST IR X 5 H RS 0 A K Rl R i AR
TLFBHREISEI. SIS TR 3R, 2010, 22(2): 498—504]
Liu W, Wen H, Jiang M, et al. Effects of mixed feeding
schedules with two dietary protein levels on growth per-
formance, body composition and serum biochemical in-
dexes of junvenile hybrid tilapia (Oreochromis niloticus
QxO.aureus 3) [J]. Journal of South China Agricultural
University, 2013, 34(3): 405—410 [XI1#, 4, #8, &5
270 5 AKCF 4RGP0 B g B A £ gy AR
RSN 957 11 R A SR Ak = 7 M- AL S R N
&, 2013, 34(3): 405—410]

Ji H, Li J. Research progress in lipid nutrition and feed of
grass carp [J]. Feed Industry, 2010, s1: 50—54 [ 41, %
A A USSR S RER TR TR T, 2010,
s1: 50—54]

Liu X W, Zhang H T. The Advances of nutrition
physiology in grass carp [J]. Feed Review, 2013, (2):
20—24 [XUDSHE, FKifg¥. 5505 IR A BT LRt e, k)
1Y, 2013, (2): 20—24]

Feng SH, Mi HF, Liu Y L, ef al. The Advances of carbo-
hydrate utilization in grass carp [J]. China Feed, 2016,
(5): 25—28 [VEE, K FIE, ) fE, 5. A S )
wAKAC SR st e, B AR, 2016, (5):
25—28]

Kopriicii K. Effects of dietary protein and lipid levels on
growth, feed utilization and body composition of juvenile
grass carp (Ctenopharyngodon idella) [J]. Journal of
Fisheries Sciences, 2012, 6(3): 377—380

JinY, Tian L X, Zeng S L, et al. Dietary lipid require-
ment on non-specific immune responses in juvenile grass
carp (Ctenopharyngodon idella) [J]. Fish & Shellfish Im-
munology, 2013, 34(5): 1202—1208

Tian L X, Liu Y J, Feng J, et al. Effect of different types
of starch on growth, the deposition of mesenteric fat and
body composition of Ctenopharyngodon idellus [J].
Journal of Fisheries of China, 2002, 26(3): 247—251 [H
BN ER, XKW, i, & AEFESREm a1
B W ORI AR AR 2. KR AR, 2002,
26(3): 247—251]

Tian J, Gao P, Jiang M, et al. Effect of dietary protein to
energy ratios on growth performance, protein efficiency

and body composition of juvenile Ctenopharyngodon


http://dx.doi.org/10.3969/j.issn.0439-8114.2011.09.041
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.010
http://dx.doi.org/10.3969/j.issn.1006-267x.2010.02.038
http://dx.doi.org/10.3969/j.issn.1003-6202.2010.10.016
http://dx.doi.org/10.3969/j.issn.1001-0084.2013.02.005
http://dx.doi.org/10.3969/j.issn.1001-0084.2013.02.005
http://dx.doi.org/10.3969/j.issn.0439-8114.2011.09.041
http://dx.doi.org/10.3969/j.issn.1000-6907.2012.05.010
http://dx.doi.org/10.3969/j.issn.1006-267x.2010.02.038
http://dx.doi.org/10.3969/j.issn.1003-6202.2010.10.016
http://dx.doi.org/10.3969/j.issn.1001-0084.2013.02.005
http://dx.doi.org/10.3969/j.issn.1001-0084.2013.02.005

524

KR R

43 %

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

idellus [J]. Freshwater Fisheries, 2016, 46(4): 83—90 [H
4R, W, S5 DR 1 R O AR A £ AR K
AE~ B M AR 2 B 1KLL, 2016, 46(4):
83—90]

Tian J, Liu W, Gao W, et al. Molecular cloning and
gene/protein expression of FAT/CD36 from grass carp
(Ctenopharyngodon idella) and the regulation of its ex-
pression by dietary energy [J]. Fish Physiology and Bio-
chemistry, 2017, 43(3): 875—888

Xu D, He G, Mai K, et al. Postprandial nutrient-sensing
and metabolic responses after partial dietary fishmeal re-
placement by soyabean meal in turbot (Scophthalmus
maximus L.) [J]. British Journal of Nutrition, 2016,
115(3): 379—388

Karlsson A, Eliason E J, Mydland L T, ef al. Postprandial
changes in plasma free amino acid levels obtained simul-

taneously from the hepatic portal vein and the dorsal aorta

in rainbow trout (Oncorhynchus mykiss) [J]. Journal of

Experimental Biology, 2006, 209(24): 4885—4894

Leng X J, Tian J, Chen B A, et al. Comparison study on
utilizing crystalline or coated methionine by tilapia (Oreo-
chromis niloticusxO. aureus) [J]. Acta Hydrobiologica
Sinica, 2013, 37(2): 235—242 [A 1A%, HE, FRAZE,
& D AR SRR, R R SR A K HLT AL
KAEAEMIZEAR, 2013, 37(2): 235—242]

Wang A M, Han G M, Lii F, et al. Effects of dietary lipid
levels on blood lipid, glucose indexes of GIFT tilapia
(Oreochromis niloticus) [J). Journal of Yancheng Insti-
tute of Technology (Natural Science Edition), 2011, 24(3):
9—14 [EEIR, #LH, B, 55 WRVIRINTZK-FX & &
Aty R e Mg MopE R Rgm . S T 5 5 %
WEREIERR), 2011, 24(3): 9—14]

MaX L, Chen W, Jin R B. Study of examination of liver
function following liver injury [J]. Journal of Traumatic
Surgery, 2003, 5(1): 20—22 [FREEAK, Ffh, &ML AT
03 J5 A D JHF D RE 4R bR B SIS B AT, B AR RHR S,
2003, 5(1): 20—22]

Wang K'Y, Miao C H, Huang H L, ef al. Changes in main
biochemical indices and Acetyl-CoA carboxylase 1
mRNA expression of crass carp fed a high-fat diet [J].
Chinese Journal of Animal Nutrition, 2012, 24(12):
23752383 [{EIF, wiH s, AR, 5. BORm R
BHE 8 3 2 A AL i AR A £ I Gl N AR 1k R 1
mRNAFRIE AL, ShWE TR 4, 2012, 24(12):
2375—2383]

Wu F, Wen H, Jiang M, et al. Effects of different dietary
carbohydrate level on growth performance and blood bio-
chemical parameters of juvenile GIFT tilapia (Oreo-
chromis niloticus) [J]. Journal of Northwest A & F Uni-

[31]

[32]

[33]

[34]

[35]

[36]

371

versity (Natural Science Edition), 2012, 40(12): 8—14
[RL, A, 569, 55, TR KA S 0K 3 & P HE
i gJy A KA BRI AR AR AR I S PR AR
MBHBOR S 224 (F AR BHERR), 2012, 40(12): 8—14]
Wu F, Wen H, Jiang M, et al. Effects of different dietary
carbohydrate levels on growth performance, body com-
position and serum biochemical indices of juvenile hy-
brid tilapia (Oreochromis niloticus 9xO. aureus 3) [J].
Journal of South China Agricultural University, 2011,
32(4): 91—95 [R M, 3CAE, 94 1, 2. T RHR K AL A 07K
%t B B ARt gy i AR K AR gy AL AR A SR B 1
RO, g Aol R 2 E 4R, 2011, 32(4): 91—95]

Ding L Y, Zhang L M, Wang J Y, et al. Effects of dietary
protein level on growth performance, body composition
and plasma biochemistry indices of juvenile starry
flounder, Platichthys stellatus [J]. Journal of Fishery Sci-
ences of China, 2010, 17(6): 1285—1292 [T 3.z, 5KF
R, ERRoE, 55 WRHR A0 BB g, &
AR ML A AR PRS2 M. K B, 2010,
17(6): 1285—1292]

Zhang H, Zhang H L. The role of alkaline phosphatase in
aquatic animals [J]. Hebei Fisheries, 2003, 5:
12—13—32 [FKHE, TR, B BERR ALK ™ 34
(. Tl 2003, 5: 12—13—32]

Miao L H, Liu B, Ge X P, et al. Effcet of high carbo-
hydrate levels in the dietary on growth performance,im-
munity and transmission electron microscopy (TEM) on
hepatic cell of allogynogenetic crucian carp (Carassius
auratus gibelio) [J]. Journal of Fisheries of China, 2011,
35(2): 221—230 [Zue i, XB, KEF, &, Sk s
WK ERR e B AR A L AR G AN R
SERIIRIREMR. JK 775431, 2011, 35(2): 221—230]

Ge X P, Liu B, Xie J, et al. Effect of different carbo-
hydrate levels of dietary on growth, plasma biochemical
indices and hepaticpancreas carbohydrate metabolic en-
zymes in topmouth culter (Erythroculter ilishaeformis
Bleeker) [J]. Journal of Nanjing Agricultural University,
2007, 30(3): 88—93 [ WE-F, Xk, MR, 4%, Wkt A
[ B 7K A B 0 7K 1 %o S W 20 8 A T IR AR AT AR
BRI EE . B HUAO R 254k, 2007, 30(3): 88—93]
Lin X Z, Luo Y P, Xie X J. Effects of dietary carbo-
hydrate level on glycolytic enzymes and serum glucose
concentrations in the juvenile southern catfish after feed-
ing [J]. Acta Hydrobiologica Sinica, 2006, 30(3):
304—310 [A/ME, BHCF, WA R K&K
ST R 5t 1)) £ A W T PR S 1P L IR A RE (R S
KA AR, 2006, 30(3): 304—310]

Song L P, Han B, Wang A Y, et al. The effects of dietary

carbohydrate levels on growth performance and plasma


http://dx.doi.org/10.3969/j.issn.1000-6907.2016.04.014
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1009-4237.2003.01.008
http://dx.doi.org/10.3969/j.issn.1006-267x.2012.12.012
http://dx.doi.org/10.3969/j.issn.1001-411X.2011.04.020
http://dx.doi.org/10.3321/j.issn:1000-3207.2006.03.009
http://dx.doi.org/10.3969/j.issn.1000-6907.2016.04.014
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1671-5322.2011.03.003
http://dx.doi.org/10.3969/j.issn.1009-4237.2003.01.008
http://dx.doi.org/10.3969/j.issn.1006-267x.2012.12.012
http://dx.doi.org/10.3969/j.issn.1001-411X.2011.04.020
http://dx.doi.org/10.3321/j.issn:1000-3207.2006.03.009

3 44 M A% R ER e R TRHE IS AR FE bR R Zh A2 1k 525

biochemical indices in Hephaestus fuliginosus [J]. Jour- lipids in a herbivorous fish (grass carp, Ctenopharyn-
nal of Dalian Fisheries University, 2010, 25(4): godon idella): mechanisms related to fatty acid oxidation
293—297 [RELF, w3, FRIE, 5. oKL EYIKT [D]. Sun Yat-sen University. 2005, 23—41 [FhfE 5%, &
X 5 JB 58 BB 2 A AR I VAR B PR R I K I i K2 1 5%t g 7 P 0 P A0 F g B R - A I 7. oL K 2
74, 2010, 25(4): 293—297] 2005, 23—41]

(38] TianJ, Wu F, Yang C G, et al. Dietary lipid levels im- [41] Riche M, Haley D I, Oetker M, et al. Effect of feeding

pact lipoprotein lipase, hormone-sensitive lipase, and frequency on gastric evacuation and the return of appetite

fatty acid synthetase gene expression in three tissues of in tilapia Oreochromis niloticus (L.) [J]. Aquaculture,
2004, 234(1): 657—673

[42] Sveier H, Wathne E, Lied E. Growth, feed and nutrient

adult GIFT strain of Nile tilapia, Oreochromis niloticus
[J1. Fish Physiology and Biochemistry, 2015, 41(1):
1—18

[39] Ye K, wang Q R, Xie Y J, et al. Effects of dietary lipid

level on growth performance, muscle composition and

utilisation and gastrointestinal evacuation time in At-
lantic salmon (Salmo salar L.): the effect of dietary fish

plasma biochemical indices of juvenile Nibea albiflora meal particle size and protein concentration [J]. Aquacul-

[J]. Chinese Journal of Animal Nutrition, 2017, 29(4): ture, 1999, 180(3): 265—282

1418—1426 [WF3h, FEREE, WHIA, . RIS K P [43] Fauconneau B, Choubert G, Blanc D, et al. Influence of

X Ak gt AR PERE LA BRI I 2R A AL R AR I environmental temperature on flow rate of foodstuffs

S, ShWE FESER, 2017, 29(4): 1418—1426] through the gastrointestinal tract of rainbow trout [J].
[40] DuZ Y. Consequences of fat feeding on growth and body Aquaculture, 1983, 34(1): 27—39

EFFECTS OF HIGH ENERGY DIETS ON SERUM BIOCHEMICAL INDICES OF
GRASS CARP (CTENOPHARYNGODON IDELLA)

TIAN Juan"?, LIU Wei', JIANG Ming"’, ZHAO Jiang-Zhuang’, WU Fan', YU Li-Juan', LU Xing' and WEN Hua'

(1. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China,
2. Freshwater Aquaculture Collaborative Innovative Centre of Hubei Province, Wuhan 430070, China;
3. Department of Aquaculture, College of Animal Science, Yangtze University, Jingzhou 434020, China)

Abstract: To investigate effects of high energy diets on serum biochemical indices of grass carp (Ctenopharyngodon
idella), grass carp [N= 320, average initial body weight=(55.0£2.5) g] were randomly assigned into 4 groups with 4 rep-
licates for each group (V=20 fish/replicate) to fed three times daily to satiation with the control diet (CON) and three
high energy diets for 11 weeks. The 3 high energy diets were 11% increased protein, 11% increased fat or 11% in-
creased Carbohydrate compared to the control diet, respectively. The fish were fasted for 48h and then refed a single
meal for 0, 2, 8, or 24 hours before collection for analyzing eight serum biochemical indices. Statistical analysis using
two-way ANOVA showed that seven serum biochemical indices except total cholesterol (TCHO) were significantly af-
fected by refeeding time, and all 8 biochemical indices were significantly affected by the different diets. Peak values of
glucose (GLU) contents and aspartate transaminase (AST) activities presented at 2h after refeeding, and peak values of
alanine transaminase (ALT), alkaline phosphatase (ALP) activities and low density lipoprotein-cholesterol (LDLC)
contents appeared at 24h after refeeding. The peak value of triacylglycerol (TAG) content occurred at 8h after refeed-
ing, but there was no obvious peak value for serum TCHO or high density lipoprotein-cholesterol (HDLC) contents. At
24h after refeeding, compared with the CON diet, the higher energy diets had higher GLU contents and ALT activities
but with similar activities of AST and ALP, and the contents of TAG, TCHO and HDLC. Our results demonstrated that
both refeeding time and high energy diets regulated the serum biochemical indices, indicating that it is necessary to
make sampling time synchronize in different groups for the accuracy of serum biochemical indices.

Key words: Serum biochemical indices; Sample time; High energy diets; Ctenopharyngodon idella


http://dx.doi.org/10.3969/j.issn.1000-9957.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-9957.2010.04.003
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.04.041
http://dx.doi.org/10.3969/j.issn.1000-9957.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-9957.2010.04.003
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.04.041
http://dx.doi.org/10.3969/j.issn.1000-9957.2010.04.003
http://dx.doi.org/10.3969/j.issn.1000-9957.2010.04.003
http://dx.doi.org/10.3969/j.issn.1006-267x.2017.04.041

